Abstract In this review we argue that relatively recent evolutionary adaptations that are relational or psychological in nature might refocus, dampen, or otherwise shape hormonal processes related to evolutionarily Bolder^behaviors. We focus on the steroid hormones testosterone and estradiol and discuss a) their associations with Bolder relational processes^such as mate competition, dominance and nurturance, and b) the ways in which Bnewer relational processes^such as commitment and attachment relate to these hormones in the context of intimate relationships. We propose that these new relational processes might influence hormones in a manner that enables short-term mating relationships to be transformed into long-term romantic pair-bonds that may be unique to humans.
Only a few species, however, have evolved behaviors designed to deliberately maintain long-term, sexually exclusive relationships. Fewer than 5 % of mammalian species establish long-term, monogamous pair-bonds with adult mating partners (Kleiman 1977) . A pairbond can be defined as an enduring and close relationship between two adult members of a species that generally involves sexual activity, intimacy, the desire to be close to one another, and deep emotional investment (Hawkes 2004; van Anders et al. 2011) . Among humans, the formation of these types of pair bonds is a meaningful priority. For example, forming intimate connections is reported as one of the most important human motives, sometimes even more so than is meeting basic physiological needs such as securing food and water (Kenrick et al. 2010) . Indeed, there may be several benefits to successfully establishing a long-term pair-bond. Pair-bonded partners benefit from increased paternal investment, which in turn promotes offspring health (Barash 1977; Fisher 1998; Kenrick and Trost 1997) . The formation of long-term pair-bonds may also decrease the risk of contracting sexually transmitted diseases (Campbell and Loving, in press) , and partners who are married or committed to long-term relationships tend to live longer than their unmarried and single counterparts (Drefahl 2012; Van Poppel and Joung 2001) .
Yet, transforming short-term mating relationships into long-term pair-bonds might be costly psychologically. To successfully maintain long-term pair-bonds, partners must develop a sense of psychological commitment and emotional attachment to one another, forego mating opportunities with extra-pair alternatives, and, in some cases, put a partner's needs ahead of one's own (Van Lange et al. 1997) . That pair-bonds are observed in almost every human culture (e.g., Kleiman 1977) suggests that, despite the cognitive and emotional resources involved in maintaining them, pair-bonds might provide benefits above and beyond those accrued via short-term mating (Campbell and Loving, in press; Kiecolt-Glaser and Newton 2001) .
In this review, we examine the ways in which physiology and psychology interact to transform short-term mating relationships into long-term pair bonds. First we explore the process of establishing short-term mating relationships: attracting mates, competing for mates, and gaining sexual access to mates. Many animals, including humans, engage in these behaviors and our review will focus on the hormonal processes related to short-term mating that are common across species. We will review how hormonal processes that function to facilitate or promote short-term mating behaviors are Bevolutionarily old^; their prevalence among such a wide range of species indicates that they evolved deep in our evolutionary past, prior to the phylogenetic branching that led to modern humans. We then move on to an exploration of long-term, pair-bonded relationships, and discuss more recent evolutionary adaptations that are relational or psychological in nature, and which are possibly unique to humans. We will review how these Bnewer^psychological adaptations (such as romantic commitment and attachment) might facilitate the development of long-term pair-bonds via their ability to dampen or refocus hormonal processes related to evolutionarily older behaviors that could undermine the formation of long-term pair-bonds (for additional work on this topic, see Eastwick 2009; Eastwick and Finkel 2012) .
We have chosen to focus on testosterone and estradiol in particular because both hormones are consistently linked to mate-seeking and mate-competition processes (evolutionarily Bold^behaviors that we have in common with other species), and are also influenced by psychological variables that are central to the maintenance of long-term pairbonds (evolutionarily Bnew^behaviors that may be unique to humans; e.g., Hohmann and Fruth 2003; Zehr et al. 1998) . Ultimately, we argue that new psychological adaptations such as romantic commitment and attachment might interact with these two hormones to facilitate the transformation of short-term mating relationships into long-term pair-bonds.
Testosterone
Testosterone is a steroid hormone from the androgen family that is found in virtually all vertebrates, including birds, reptiles and mammals (Hirschenhauser and Oliveira 2006) . Commonly thought of as a Bmale^hormone, testosterone plays a key role in the production of tissue for male reproductive structures; however, testosterone is vital for physical development, physiological processes, and psychological experiences in both men and women (e.g., Goldey and van Anders, in press ). In the following section we review how testosterone contributes to short-term mating effort by promoting mateseeking behaviors among a variety of species and for both sexes. We also discuss how testosterone and the psychological mechanism of romantic commitment might be linked in humans in a way that promotes the development of long-term, future-oriented pair-bonds.
Old Processes: Testosterone in Human and Other Animal Relationships
Humans are one of many species-including prairie chickens, Japanese quail, pygmy goats, New Zealand rabbits, long-tailed macaques-in which testosterone is associated with mating behaviors (Augustine et al. 2011; Girard-Buttoz et al. 2009; Howland et al. 1985; Ottinger and Brinkley 1978; Saginor and Horton 1968) . Across primates, mating strategies directed towards potential mates or mate-rivals are typically related to testosterone by the following rule: in species where social dominance is integral to mating success, testosterone is very tightly linked to mating effort; in species where social cooperation is essential for mating success, testosterone is more loosely linked to mating effort (Wobber et al. 2013) . Consider, for example, the mating strategies of our closest primate relativescommon chimpanzees and bonobos. Chimpanzees rely heavily on dominance and aggression (e.g., physical force) to acquire mates and show dramatic increases in testosterone when competing for mates; in contrast, bonobos rely heavily on cooperation (e.g., social grooming) to acquire mates (Hohmann and Fruth 2003) and show comparatively modest increases in testosterone when interacting with potential mates (Wobber et al. 2013 ). These two primate species can be thought of as occupying nearly opposite ends of the mating strategy spectrum -with chimpanzees at the more socially dominant end and bonobos at the more prosocial end. As a species, humans tend to lie closer to the socially cooperative end of the primate mating strategy spectrum, making us more similar to our bonobo brethren than to our chimpanzee cousins (Cieri et al. 2014) .
Affiliative Behavior
Within our species, interactions with potential mates do influence testosterone levels, but increases in testosterone are generally associated with affiliative rather than aggressive interactions between potential mates. For example, men who experienced greater increases in testosterone during a male-male competition task subsequently smiled more and made more eye contact with women than did men who experienced smaller increases in testosterone (van der Meij et al. 2011) . In another study, women reported Bclicking^more with men who had higher levels of baseline testosterone compared to men with lower levels of baseline testosterone (Slatcher et al. 2011) . These studies suggest that increases in testosterone may be associated with an increase in the types of affiliative behaviors that are essential for successful interactions between potential romantic partners during the initiation stages of human relationships (e.g., courtship).
As mentioned, humans are not alone in using social affiliation to gain access to mates (Carter and Keverne 2002) , and research on the mating habits of bonobos provides insight into how increased sociability between potential mates may in fact lessen the need for large increases in testosterone when acquiring mates. For example, in a bonobo community in the Democratic Republic of Congo, male bonobos who maintained more regular social contact with females via extended grooming were higher ranked in the community, had lower baseline levels of testosterone, and exhibited smaller testosterone increases in the presence of fertile females compared to males who did not maintain regular social contact with females (Surbeck et al. 2012 ). This research demonstrates that in species that rely on socially cooperative mating strategies, lower testosterone levels overall might facilitate affiliative behaviors that allow for more regular and extended social contact between potential mates.
Dominance Behavior
Although high levels of testosterone in humans may be associated with cooperative/ affiliative behaviors directed toward potential mates, high testosterone is typically associated with dominance behaviors between rivals for mates. For example, when men competed for the favor of a desirable woman, those with higher baseline testosterone levels were more likely to direct displays of social dominance toward their competitor and were more likely to report that their competitor was unlikeable. Additionally, men who reported the highest levels of social dominance showed the strongest association between testosterone levels and competitive behaviors (Slatcher et al. 2011) . In another example, men's testosterone levels showed larger increases from baseline when they were exposed to a competitive (versus uncompetitive) male in the company of a highly fertile (versus less fertile) female (Fales et al. 2014) . In fact, even the mere presence of potential mates in a competitive setting can elicit testosterone increases in both men and women (López et al. 2009; Roney et al. 2007) .
Although increases in testosterone facilitate some competitive behaviors for mates in humans, it is important to note that, in most cases, testosterone increases do not facilitate the extreme levels of dominance and aggression observed in primates such as chimpanzees. For example, increases in testosterone in chimpanzees sometimes lead to exceedingly violent mate guarding behaviors such as territorial boundary patrols wherein males brutally attack and often kill neighboring males, especially if fertile females are residing within their own territory (Sobolewski et al. 2012) . Additionally, chimpanzees regularly aggress against both male and female conspecifics when competing for mates. Data collected over 11 years of observing a chimpanzee community in Uganda revealed that male chimpanzees with high testosterone achieved the most mating success with the females they showed the most physical aggression toward (Muller et al. 2011) ; given the mostly consensual nature of human mating, it is difficult to imagine the same pattern of results emerging in our own species. Although violent sexual coercion and rape are not absent in the human species, such behaviors are often (but not always) culturally condemned and typically considered psychopathological (for a review see Gannon and Ward 2008) . Surveys have reported that approximately 5-15 % of college age men have admitted to committing forced sex or rape (Koss et al. 1987) . While this percentage is still unacceptably high, it is in stark contrast to observations across multiple chimpanzee communities where aggressive sexual coercion against fertile females appears to be the norm; that is, virtually all healthy chimpanzee males will likely engage in multiple acts of forced sex during their lifetimes (for a review see Muller et al. 2009a; Smuts and Smuts 1993) . In summary, although elevated testosterone in humans is related to increased social dominance during mate competition, our species has also evolved strategies to obtain mates that need not involve violence or sexual coercion to be successful. Taken together this may suggest that, comparatively, we fall closer to the socially cooperative end of the mating strategy spectrum overall.
Reconciling Physiology and Behavior
As reviewed above, hormones are often associated with behavior in the mating context, but the association between physiology and behavior is complex. Specific physiological processes are not necessarily always associated with predictable behavioral outcomes. For example, humans and chimpanzees have very similar fluctuations in testosterone across the lifespan-testosterone rises exponentially during puberty and then declines slowly over time-yet the behaviors humans and chimpanzees use to obtain mates are exceedingly different (August et al. 1972; Sizonenko and Paunier 1975; Yeap et al. 2007) . Furthermore, there are many similarities between the socially cooperative mating strategies of humans and bonobos, but some research suggests that humans and bonobos have very different fluctuations in salivary testosterone across the lifespan (Wobber et al. 2013) , whereas other research suggests that humans and bonobos have very similar fluctuations in urinary testosterone across the lifespan (Behringer et al. 2014) . Further still, despite potential similarities in testosterone levels across the lifespan and a tendency to engage in socially cooperative mating, bonobos do not form long-term pair-bonds such as those observed among humans. Put simply, testosterone levels alone cannot predict what types of mating behaviors a species will engage in and the shape their social relationships will take.
This observation leads to an important question regarding the association between physiology and behavior: What factors can we explore beyond and in conjunction with physiology to better understand the association between testosterone levels and mating behaviors in humans? One candidate factor is the psychological construct of romantic commitment. In the next section, we review how greater romantic commitment to a partner might constrain or be dampened by circulating testosterone levels in humans (e.g., Edelstein et al. 2014) , as well as how greater romantic commitment might promote cooperative, rather than aggressive, behaviors in mating relationships. We also review how lower levels of testosterone may be associated with an increased likelihood of forming committed romantic relationships.
A Newer Psychological Adaptation: Romantic Commitment
The construct of romantic commitment entails in large part a long-term orientation toward one's partner (Wieselquist et al. 1999) . Commitment is typically measured with items that tap into a desire for longevity (e.g., BI want my relationship to last a very long time^), future-oriented thinking about the relationship (e.g., BI can imagine being with my partner several years from now^), and psychological attachment (e.g., BI feel very attached to my relationship and feel strongly linked to my partner^; Arriaga and Agnew 2001; Rusbult et al. 1998) . Commitment is one of the strongest predictors of relationship persistence over time (Drigotas and Rusbult 1992; Le and Agnew 2003) .
Humans are likely one of the only species who are able to reflect upon and report the degree to which they intend to invest and persist in a relationship. By definition, romantic commitment involves a cognitive adaptation that is relatively new in the evolutionary timeline: future-oriented thinking (Atance and O'Neill 2001; Gilbert and Wilson 2007) . Although virtually all animals are capable of predicting the consequences of situations they have experienced in the past, humans are uniquely able to predict the consequences of experiences they will have in the future (Tulving 2005) . Romantic commitment, for example, requires us to mentally travel into the future and to picture our relationships at a future time. Future-oriented thinking takes place largely in the pre-frontal cortex and temporal medial lobes (Suddendorf et al. 2009 ), areas of the brain that are more complex in humans compared to other primates (Teffer and Semendeferi 2012) , suggesting that few if any other animals can engage in prospective thinking (Schacter et al. 2007; Szpunar et al. 2007 ).
Because romantic commitment entails an investment in a relationship's future, committed partners should be motivated to engage in strategies that will increase the likelihood of maintaining a high quality relationship over time. Indeed, high levels of romantic commitment to a partner are associated with a range of pro-relationship behaviors such as being more likely to forgive a partner's transgressions (Finkel et al. 2002) , making sacrifices that will benefit a partner (Van Lange et al. 1997) , and supporting a partner's personal goals (Hui et al. 2014) . Strong commitment to a partner also decreases the likelihood of destructive relationship behaviors. For example, partners who are highly committed to a relationship report less infidelity (Le et al. 2010) and are less likely to display hostility and aggression during conflict resolution (Oriña et al. 2011; Slotter et al. 2012 ). For example, Slotter et al. (2012) exposed couple members to a series of increasingly severe partner provocations (e.g., harsh criticism from a partner, partner flirting with another person) and found that participants who were low in romantic commitment expressed more verbal and physical aggression toward their partners as the intensity of the provocations increased, whereas partners who were high in commitment did not. These studies suggest that romantic commitment may inhibit the severity of both conflict and aggressive behaviors in relational contexts.
Importantly, high levels of romantic commitment have been associated with lower levels of testosterone (Burnham et al. 2003) and lower levels of testosterone are related to fewer aggressive thoughts and behaviors in a diverse range of contexts (Archer et al. 2005) . Thus, the forward-looking nature of romantic commitment may be associated with the dampening of one's testosterone levels that, left otherwise unconstrained, might interfere with the maintenance of long and healthy romantic relationships. Lower levels of testosterone might also be related to increases in romantic commitment, for instance by reducing interest in alternative relationship partners (e.g., Edelstein et al. 2011; McIntyre et al. 2006) .
Romantic Commitment Modulates Testosterone
The association between commitment and testosterone has been mostly documented through indirect measures of romantic commitment, including relationship status, marital status, relationship length, (lack of) interest in alternative partners, and a restricted socio-sexual orientation (e.g., Edelstein et al. 2011; Hooper et al. 2011; McIntyre et al. 2006; van Anders and Goldey 2010) , which all communicate in part the degree to which an individual intends to persist in a relationship. In the following section, we categorize the various methods that have been used to infer romantic commitment into two primary groups: relationship status indicators of romantic commitment and dispositional/behavioral indicators of romantic commitment, and discuss their associations with testosterone levels in the context of close relationships.
Relationship Status Indicators
The vast majority of research on romantic commitment and testosterone has been conducted using self-reported relationship status (i.e., how individuals self-define the current state of their relationships) as an indicator of romantic commitment. Earlier research focused mainly on men's marital status, and demonstrated that men who reported being married had lower levels of testosterone than their unmarried counterparts (e.g., Booth and Dabbs 1993; Gray et al. 2002; Mazur and Michalek 1998) . Importantly, one longitudinal study demonstrated that men's testosterone levels changed as a function of their marital status (Mazur and Michalek 1998) : participants' testosterone levels increased after divorce as commitment to the relationship presumably decreased and motivation to obtain a new mate most likely increased, and testosterone levels decreased following remarriage as commitment to the new relationships likely increased and motivation to obtain a new mate most likely decreased.
Although early studies on testosterone and relationship commitment generally focused on men, more recent work indicates that women who are married also have lower testosterone than their non-married counterparts (Kuzawa et al. 2010 ; van Anders and Watson 2006) . Research with couples further demonstrates that both men and women are more committed to and satisfied with their relationships to the extent that their partners have lower levels of testosterone . These dyadic effects are larger for women's than for men's testosterone, suggesting that individual differences in women's testosterone may be particularly reflective of or responsive to differences in men's relationship quality. Together, these findings suggest that higher levels of testosterone may be helpful in terms of attracting mates and initiating romantic relationships, but that increased commitment to those relationships may decrease testosterone over time.
Contemporary research examining the association between relationship status and testosterone levels has expanded study samples to include a larger range of relationship types that go beyond simply being Bmarried^or Bunmarried^. For example, Burnham et al. (2003) categorized their male participants as either Bpaired^(i.e., in committed, romantic relationships) or Bunpaired^(i.e., not in committed, romantic relationships) and suggested that the lower levels of testosterone observed in paired men was linked to being socially bonded and psychologically committed to another person rather than simply being married. After all, there are certainly people who are married but are not necessarily committed to the long-term future of their relationships (Treas and Giesen 2000) . In another example, Gray et al. (2006) demonstrated that carefully dividing relationship categories into ever more discrete groups yields a more complete story of how commitment is related to testosterone. In order of lowest to highest commitment, their sample included single men, men who were married, and men who were married with children. As commitment level increased across this cross-sectional sample, testosterone levels decreased. In another study, van Anders and Goldey (2010) examined differences in testosterone among men and women who identified as single, casually dating (i.e., relationship(s) that may involve sexual activity and romance but not commitment), or partnered (i.e., committed long-term romantic relationships) and found that men who were single and in casual relationships had higher levels of testosterone compared to men in long-term relationships. Interestingly, women in casual relationships had significantly lower testosterone than did single women, and women in long-term relationships showed a statistical trend for lower testosterone levels than did single women. Women in casual and long-term relationships did not significantly differ in their testosterone levels. These findings suggest that degree of commitment may be more closely tied to men's compared to women's testosterone levels (see also van Anders and Watson 2007) . Taken together, this research highlights potentially important gender differences in the link between testosterone and relationship commitment.
Measures of romantic commitment have also been useful in understanding crosscultural associations between marital status and testosterone. The norms for what constitutes commitment may be highly variable depending on socioeconomic, ecological and political factors (Jankowiak and Fischer 1992) , which means that marriages among Hadza foragers, Kenyan Swahili couples, partners in Beijing China, and Harvard business students may not be cross-culturally equivalent in terms of commitment expectations. If commitment modulates the expression of testosterone in romantic relationships, then marital status alone may not always be sufficient to reveal group differences in testosterone levels. For example, in a study conducted in Beijing, China, testosterone levels of married men were lower than unmarried men, but this difference failed to reach conventional levels of statistical significance. The commitment norms of this Beijing sample reveal important information concerning why this hypothesis test may have failed: specifically, the proportion of men who reported having more than one sex-partner in the previous year was higher among married men than unmarried men ). This suggests that although these men had formally committed to a legal marriage they did not necessarily endorse a sexually exclusive commitment to their wives, which perhaps explains their comparatively high levels of testosterone. In another study conducted among Swahili men living in Kenya, researchers found that, contrary to expectations, men who were married had higher levels of testosterone than unmarried men (Gray 2003) . Critically, the tradition of marriage in this culture included the possibility of having multiple wives, suggesting that commitment to a single individual was not a strict cultural expectation of marriage, and that marital status alone could therefore not be used as a reliable proxy for romantic commitment. The possibility of having multiple and/or new partners has also been associated with higher testosterone in other cultures (van Anders 2009 ). For example, in North America, men and women who engaged in emotional and/or sexual relationships with multiple partners simultaneously (i.e., polyamorous individuals) versus one partner (i.e., monoamorous individuals), had significantly higher levels of testosterone than monoamorous men and exhibited a trend for higher testosterone than single men; polyamorous women had significantly higher levels of testosterone than both monoamorous and single women (van Anders et al. 2007 ). Perhaps sexual exclusivity or engaging in sex with only one partner, rather than relationship status, is the aspect of commitment that is most important for modulating testosterone in humans across various cultures. Thus, if cultural norms do not support a cohesive, exclusive pairbond, researchers should consider directly measuring partners' commitment levels using constructs beyond relationship status.
Dispositional & Behavioral Correlates Romantic commitment can also be indexed via a partner's disposition toward the relationship. One such dispositional construct is called sociosexual orientation, which is designed to assess an individual's personal sexual history, frequency of sexual fantasies, and attitudes toward casual, uncommitted sex. Those who have highly unrestricted sociosexual orientations tend to endorse items such as Bsex without love is okay^and BI can imagine myself enjoying casual sex with multiple partners.^Sociosexual orientation predicts the type of romantic partner a person will choose (Simpson and Gangestad 1992) , how quickly individuals initiate sex after starting a new relationship (Simpson and Gangestad 1991) , one's lifetime number of sexual partners (Ostovich and Sabini 2004 ), one's likelihood of cheating on his or her partner, and one's likelihood of listing Bsex^as the motive for infidelity (Barta and Kiene 2005) .
An increasingly unrestricted sociosexual orientation is also strongly and negatively associated with explicit measures of relationship commitment (Hackathorn and Brantley 2014; Markey and Markey 2013) as well as with levels of salivary testosterone (McIntyre et al. 2006 ). For example, McIntyre et al. (2006) found that paired men who were interested in engaging in sexual activities with women other than their primary partners had higher levels of testosterone than paired men who did not desire extra-pair sexual contact. This finding highlights how commitment can direct hormonal resources away from the immediate rewards of infidelity in anticipation of the future gains afforded by psychological commitment. Alternatively, it is also possible that higher testosterone levels increase men's desire for extra-pair sexual contact, making commitment more psychologically difficult for some men than others. However, other studies have not found significant associations between partnered individual's testosterone and their sociosexual orientation (e.g., van Anders and Watson 2007) .
It is important to differentiate between people's attitudes, desires and behaviors. Sociosexuality itself can be split into these three components (Penke and Asendorpf 2008) , and doing so has allowed researchers to better understand what dimensions of commitment are most strongly related to individuals' testosterone levels. For example, Edelstein et al. (2011) found that men who were in a relationship but reported a greater desire for uncommitted sexual activity had testosterone levels that were similar to those of men who were not in a relationship. Women who reported more uncommitted behaviors also had testosterone levels that were similar to single women. Overall measures of sociosexual orientation were positively associated with testosterone in men but not women. These findings again highlight the important role of relationship status and suggest that, especially in women, testosterone may not be linked to overall sociosexual orientation, but instead to specific components of sociosexuality, such as desire (e.g., BHow often do you experience sexual arousal when you are in contact with someone with whom you do not have a committed romantic relationship?^) and behavior (e.g., BWith how many different partners have you had sexual intercourse on one and only one occasion?^), respectively.
One particularly important behavioral indicator of an individual's intent to persist in a relationship may be having children with his or her partner, which typically entails large emotional, physical, financial, and social investments (Twenge et al. 2003) . Accordingly, many studies demonstrate that parents have lower testosterone levels compared to non-parents (Barrett et al. 2013; Gettler et al. 2011; Gray et al. 2002; Hirschenhauser et al. 2002; Kuzawa et al. 2009; Pollet et al. 2013) . Although more attention has been paid to testosterone changes associated with fatherhood, studies of women similarly suggest that mothers have lower testosterone than women without children (Barrett et al. 2013; Kuzawa et al. 2010) . However, having a child per se may not directly account for the lower testosterone levels documented in parents versus nonparents. Level of direct care provided by the parent may instead and/or also account for the association between reduced testosterone and parenting (Gettler et al. 2011 ). For example, Muller et al. (2009b) compared the differing parenting styles of fathers in two different East African groups: Hadza foragers and Datoga pastoralists. Hadza fathers, who are characterized as having high involvement with their children, had lower testosterone levels than Hadza non-fathers; Datoga fathers, who are known to provide minimal paternal care, had similar testosterone levels to Datoga men who were not fathers (Muller et al. 2009b ). Thus, the direct level of parental care may be more closely associated with men's testosterone levels than the status of having a child or not.
Moreover, longitudinal research suggests that men's testosterone declines pre-to postnatally (Gettler et al. 2011) , and that such declines may begin during the prenatal period ). These findings suggest that fatherhood may alter men's testosterone levels, rather than men with lower testosterone being more likely to become fathers (see also Gettler et al. 2011) . Psychologists most frequently explain these findings in terms of the tradeoff between mating effort and parenting effort (Gangestad and Simpson 2000; Wingfield et al. 1990) . That is, resources are either directed toward searching for new mates or toward rearing children to reproductive age with current mates. It seems plausible, then, that romantic commitment between pair-bonded parents plays a role in lowering testosterone levels, and that lower testosterone levels may help to maintain a stable family structure.
Summary
In sum, indicators of romantic commitment are consistently associated with lower testosterone levels among modern humans, whether indexed via relationship status, dispositional, or behavioral measures. As such, it is possible that the adaptations that evolved to support a future-oriented commitment to one's romantic partner also function in part to manage the comparatively self-interested, impulsive behaviors typically associated with increased testosterone in the mating domain (e.g., infidelity, risk-taking, displays of aggression). Furthermore, the dampening effect of romantic commitment on testosterone in humans may act in the service of transforming shortterm mating relationships into long-term romantic pair-bonds.
Estradiol
Estradiol is the most behaviorally potent form of estrogen in humans and other mammals. This steroid hormone has been linked with processes central to acquiring mates, such as dominance and sexual motivation, as well as to processes essential for maintaining close relationships, such as caregiving, bonding, and sexual intimacy (e.g., Edelstein et al. 2012; Stanton and Schultheiss 2009; van Anders et al. 2009; WynneEdwards and Reburn 2000) . Although estradiol is often thought of as a Bfemaleĥ ormone, sex differences in estradiol are generally very small in most species, particularly in comparison to sex differences in testosterone (e.g., Konkle and McCarthy 2011) . Moreover, as discussed more fully below, estradiol is linked with relationship processes in both females and males across a wide range of species, including modern humans. As we note, in many cases the role of estradiol is similar across sex, but in some contexts there are important sex differences.
Old Processes: Estradiol in Human and Other Animal Relationships

Dominance Behavior
Many animals use dominance behaviors to claim or maintain access to social resources, including sexual partners, and to protect offspring (Lindenfors and Tullberg 2011) . Although males are typically thought to be more competitive and aggressive in terms of reproduction and mate/offspring defense (Archer 2009 ), females also display certain types of behavioral aggression with regard to social resources (Chevalier-Skolnikoff 1974). Both female and male macaques, for instance, use forceful hip motions and bites as displays of strength or power to inhibit subordinates from attempts to acquire their sexual opportunities or offspring (Chevalier-Skolnikoff 1974; Maestripieri 1997 Maestripieri , 2005 .
In many female primates, dominance-related behaviors such as assertive body postures, vocal threats and physical attacks have been associated with higher estradiol concentrations (e.g., Bouissou 1990; Michael and Zumpe 1993) . For example, female Syrian hamsters treated with estradiol or testosterone showed significantly less submissive behavior when an intruder was placed in their cage compared to untreated animals or those treated with other hormones (Faruzzi et al. 2005 ). Higher-ranking female rhesus monkeys treated with estradiol also displayed more physical threats and chases towards other female monkeys who were perceived as mate competition (Zumpe and Michael 1989) .
In male animals, dominance has been linked with higher levels of testosterone, including in the context of mating behavior (e.g., Beehner et al. 2006) . However, testosterone is naturally converted to estradiol (via aromatization) in humans and other species (see Hau 2007) and estradiol, at times in combination with testosterone, may contribute to dominance behaviors once thought to be exclusively associated with testosterone. For example, in male mice, bites and displays of anger are positively correlated with increases in testosterone (vom Saal 1983) and with the activation of neural pathways that are associated with estrogen receptors (Newman 1999; Trainor et al. 2008; Wu et al. 2009 ). Yet the exact relationship between estradiol and male dominance behaviors remains somewhat unclear. Estradiol appears to increase male aggression in some species (e.g., domestic mice) but decreases aggression in others (e.g., California mice, see Trainor et al. 2006 for a review). Potential explanations for species variation in the estradiol-aggression link include differences in the expression of estrogen receptors, differences in where in the brain aromatization occurs, and differences in how the social context affects aromatase function (Trainor et al. 2006 ).
In humans, dominance has typically been measured by assessing people's selfreported (or explicit) dominant behaviors and inclinations (e.g., van der Meij et al. 2008) . Other, more indirect methods of dominance have also been used, such as behavioral observation (e.g., Slatcher et al. 2011 ) and assessments of people's unconscious (or implicit) need for power (i.e., concern with having impact on and dominance over others; Schultheiss 2008) . In women, these implicit (rather than explicit) measures of dominance and power motivation have been linked to endogenous estradiol levels (Stanton and Schultheiss 2009 ). For example, in response to a laboratory dominance contest, women with higher implicit power motivation experienced estradiol increases after winning the contest and estradiol decreases after losing (Stanton and Schultheiss 2007) . These findings suggest that competitive experiences that typically increase testosterone in men might instead (or additionally) increase estradiol in women. Of note, women's testosterone is generally unrelated to their implicit power motivation (Stanton and Schultheiss 2007) .
Other studies have demonstrated a positive association between women's salivary estradiol and implicit power motivation, and these associations appear to be stronger for women who are single (vs. those who report being in a romantic relationship) and those who are naturally cycling (vs. taking hormonal contraceptives; Stanton and Edelstein 2009; Stanton and Schultheiss 2007) . Given that dominance motivation and estradiol are both positively associated with the frequency of women's sexual activity (Geary 2010; Schultheiss et al. 2003) , it is possible that estradiol facilitates increased dominance behaviors (or vice versa) in the service of successfully competing for potential mates. That the link between implicit power motivation and estradiol levels is strongest for single women further suggests that increases in estradiol may be geared toward mate competition, as single women may be more motivated to seek out mates compared to women who are in romantic relationships. Moreover, oral contraceptive use might interfere with the association between women's estradiol and their implicit power motivation by artificially dampening women's endogenous estradiol levels.
Sexual Behavior
For all species that rely on mating to produce offspring, sexual behavior is central to reproductive success; however, sexual behavior is most adaptive when it is sensitive to contextual factors such as mate quality, likelihood of conception, and the safety of the environment (Kenrick et al. 2013) . In other words, species are most likely to pass on their genes to the next generation if their sexual behaviors are attuned to their environments and to potential mates (Buss and Schmitt 1993) .
Estradiol may be an important contributor to sexual behavior and motivation, particularly in females (e.g., rhesus monkeys; Wallen et al. 1984; Zehr et al. 1998) . For instance, in many mammals, female sexual receptivity is at least initially dependent on processes associated with estradiol (Pfaff 1980; Rissman et al. 1997) . In fact, estradiol may even increase sexual behaviors in the absence of reproductive opportunities. For instance, young sexually inexperienced female rhesus monkeys treated with estradiol during the nonbreeding season engaged in a higher frequency of same-sex but not opposite-sex sexual behavior (Pope et al. 1987) . In contrast, older sexuallyexperienced female rhesus monkeys treated with estradiol during the nonbreeding season displayed a higher frequency of opposite-sex but not same-sex interactions ). These findings suggest that estradiol may increase female sexual motivation, but the target of sexual behavior may depend on contextual factors such as an animal's seasonal variations in sexual motivation and previous sexual experiences.
Although the role of estradiol in male sexual behavior has been less extensively investigated, a few studies have demonstrated that estradiol is also involved in (and in some cases essential to) male sexual behavior. For instance, male mice housed near females show an increase in urinary estradiol over a period of several days (deCatanzaro et al. 2009 ). Male rats treated with estradiol are also more sexually receptive towards females, display a greater number of sexual mounts, and have a more consistent ejaculatory pattern over time (Antonio-Cabrera and Paredes 2012). Furthermore, when estrogen receptors are knocked out and/or the aromatization of testosterone to estradiol is inhibited, male mice are less likely (and even unable) to engage in social investigation (e.g., licking of a female's genital area) and sexual chasing of female mice (Ogawa et al. 2000) . Male mice lacking estrogen receptors are also less receptive to females' sexual advances (Ogawa et al. 2000) .
Estradiol is also related to sexual behaviors in humans, but as in other animals, context and individual experience matter. For example, in one study, viewing erotica led to increases in women's estradiol; however, increases in estradiol were associated with women's genital sexual arousal (a physical experience) but not their self-reported sexual arousal (a psychological experience; van Anders et al. 2009 ). Furthermore, van Anders and Dunn (2009) found that women's physical experiences of solitary sexual activity (e.g., masturbation) were positively associated with endogenous estradiol levels, whereas women's psychological experiences of solitary and partnered sexual desire (e.g., relaxation) were not associated with estradiol. In men, estradiol was not related to either physical or psychological components of sexuality (van Anders and Dunn 2009) . Findings from both of these studies support the idea that estradiol is most strongly related to physical, rather than psychological, experiences of sexual arousal, but perhaps specifically in women.
From an evolutionary perspective, women's sexual behaviors may be more closely linked to estrogen levels when the chance to reproduce is greatest. That is, increases in estradiol just prior to ovulation might motivate women to engage in frequent sexual behavior with higher quality mates to maximize the probability of conceiving genetically fit offspring. However, research in support of the claim that increases in estradiol motivate women to engage in sex for the explicit purpose of reproduction is mixed; some studies suggest that sexual desire is instead oriented around factors such as pleasure, power, or intimacy (e.g., Diamond and Wallen 2011) . For example, women with consistent patterns of same-sex sexuality (compared to inconsistent or fluctuating patterns and bisexuals) experienced significantly larger increases in sexual motivation and desire for sex with other women during peak levels of estrogen (Diamond and Wallen 2011) . This implies that increased estrogen during peak fertility is closely related to sexual motivation generally, regardless of whether the resultant sexual activity will produce offspring.
Nurturant Behavior
In addition to facilitating mate-acquisition behaviors such as displays of dominance and increased sexual motivation, estradiol is related to a range of behaviors that facilitate social bonding, such as nurturance and intimacy. Nurturant behavior often takes the form of parental caregiving to promote infant survival (Bowlby 1969; Simpson and Belsky 2008) but it can also be more broadly defined as Bwarm and loving contact between individuals,^which applies to non-filial relationships such as romantic pairbonds (Brennan et al. 1998; Cassidy 2000; Fraley and Shaver 2000; van Anders et al. 2013) . Nurturance is adaptive across species and relationship contexts in that it strengthens social connections and contributes to offspring and parental fitness (Fernandez-Duque et al. 2009; Simpson and Belsky 2008) . In marmosets and tamarins, for instance, offspring fitness is enhanced when there is a strong pair-bond between parents and direct father-child caregiving (Snowdon 1996) . Parental fitness is also enhanced through care from adult partners. For example, owl monkeys are among the most monogamous primate species, and owl monkey fathers are involved in the care of their offspring. Male owl monkeys provide their pregnant female partners with nutrition to keep mother and baby healthy during gestation (Wolovich et al. 2008) , which likely enhances offspring survival and promotes social bonds between adults and children.
Estradiol contributes to many components of nurturant behavior in mammals. In female mammals, estradiol increases significantly during pregnancy, spikes just prior to birth, and drops precipitously thereafter (Yoshinaga et al. 1969) . Pre-birth increases in estradiol are thought to be associated with maternal care Numan 1994; Pryce 1996; Rosenblatt et al. 1998; Wynne-Edwards and Reburn 2000) and women who experience smaller declines in estradiol from late pregnancy to the early postpartum, self-report the highest levels of nurturance and feelings of attachment to their new babies (Fleming et al. 1997) , suggesting that higher levels of estradiol support nurturant behavior. In female rats, licking and grooming of pups can activate estrogen receptors, suggesting that nurturant behavior can feed back to influence the neural mechanisms that support maternal care (Champagne et al. 2001) .
Although similar neuroendocrine pathways are thought to support maternal and paternal behavior, findings linking estradiol with male nurturant behaviors are less consistent (Reburn and Wynne-Edwards 1999; Wynne-Edwards 2001) . For instance, when male California mice, a species characterized by a monogamous social configuration and biparental care, were treated with estradiol, they displayed increased paternal behavior in the form of huddling and pup grooming (Trainor and Marler 2002) . However, in male prairie voles, also characterized as monogamous and biparental, increases in estradiol led to higher levels of aggression towards pups and less caregiving behavior (Cushing et al. 2008) . Thus, as with male aggression, in some species estradiol appears to promote paternal behavior, but in other species estradiol may inhibit paternal behavior (Wynne-Edwards and Reburn 2000). More precise explanations for these differences await further investigation.
In humans, nurturant behavior is most often studied in the context of parent-child relationships, but is also a central component of adult romantic relationships (Brennan et al. 1998; Chopik et al. 2014; van Anders et al. 2013) . As in animals, human nurturant behavior has been associated with endogenous estradiol concentrations and estradiol responses, although there may be sex differences in these neuroendocrine processes (Mileva-Seitz and Fleming 2011) . For instance, increases in estradiol during pregnancy may facilitate maternal behavior and mother-infant attachment (Fleming et al. 1997) . There is also evidence, albeit limited, that new fathers have higher estradiol levels compared to men without children (Berg and Wynne-Edwards 2001) , suggesting that estradiol might similarly facilitate paternal behavior. However, the role of estradiol in human paternal behavior is not yet well understood (Wynne-Edwards and Reburn 2000) and short-term longitudinal research suggests that the estradiol levels of expectant fathers may in fact decline throughout the prenatal period (Edelstein et al., in press ). As discussed previously, estradiol appears to facilitate paternal behavior in some animal species (e.g., California mice, see Trainor et al. 2006) ; however, estradiol can inhibit paternal behavior in other species (e.g., prarie voles, Cushing et al. 2008) . Although more research is clearly needed, it is possible that preemptive declines in estradiol inhibit dominance behaviors or mating effort that are incompatible with the transition to fatherhood. Perhaps men's estradiol decreases prenatally in order to mitigate such behaviors, but then increases in the postpartum period to facilitate nurturance (Berg and Wynne-Edwards 2001) . Future research that assesses the trajectory of estradiol concentrations throughout different relationship transitions, from beginning an intimate relationship to starting a family, can help to shed light on the role of estradiol in nurturant behavioral contexts.
Mating Motives Versus Bonding Motives
In certain contexts, estradiol is associated with behaviors related to mate competition and sexual contact, but in other contexts estradiol is associated with behaviors that are central to fostering intimacy and establishing social connections. For instance, in women and other female animals, estradiol has been associated both with dominance in the context of competition (e.g., Stanton and Schultheiss 2007) and with nurturance in the context of parental interactions (e.g., Champagne et al. 2001) . How can researchers more fully understand the seemingly contradictory roles of estradiol? One mechanism worth exploring is psychological attachment to a relationship partner. In the next section, we explore the role of individual differences in attachment in the creation and maintenance of social bonds. We also explore how individual differences in attachment can moderate the expression of estradiol in the context of acquiring new mates and nurturing long-term relationships.
A Newer Psychological Adaptation: Romantic Attachment Individual differences, such as personality traits, can influence how humans experience their social environment and how their hormones respond to those environments (Netter 2004) . Recent work suggests that attachment orientation, or people's characteristic approach to close relationships (Shaver and Mikulincer 2007) may be particularly relevant for neuroendocrine processes (Simpson and Rholes 2012) , including estradiol levels and responses (Edelstein et al. 2012 (Edelstein et al. , 2010 . Attachment theory was initially developed to describe the nature of bonds between infants and their caregivers, and to explain how infant behaviors, such as crying, proximity-seeking, and clinging, help to promote parental protection and infant survival (Bowlby 1969) . Parent-infant attachment relationships are present in many species; however, in humans and some other mammals, the same behavioral system that underlies parent-infant attachment is also thought to underlie adult pair-bonding and/or romantic attachment (Ainsworth 1989; Hazan and Shaver 1987; Zeifman and Hazan 2008) . For example, people who are in stable long-term romantic relationships are more likely to report that they direct attachment behaviors, such as proximity-seeking and separation distress, toward their current romantic partner than toward anyone else in their lives (Hazan and Zeifman 1994) .
Adult pair-bonding is a relatively rare phenomenon in other mammalian species (Kleiman 1977) . However, throughout our evolutionary history, species that did form pair-bonds also shared many other characteristics with modern humans: They were more likely to show bi-parental care, had longer lifespans, took longer to leave the nest or home, were generally smaller in size, and were part of smaller social groups (Fraley et al. 2005) . These findings suggest that the attachment behavioral system, which functioned to bond infants to caregivers, may have been modified by natural selection to bond adult romantic partners to one another (see also Eastwick 2009) .
Human romantic attachment is measured in a variety of ways, but the most common measures tap into a desire to share intimate details with one's partner as well as a belief that one can depend on one's partner for support (Brennan et al. 1998) . Individuals who are avoidantly attached tend to agree with statements such as BI get uncomfortable when a romantic partner wants to get too close^and BI prefer not to show a partner how I feel deep down^; individuals who are anxiously attached tend to agree with statements such as BI worry that my partner doesn't really love me,^and BIt makes me mad that I don't get the affection and support I need from my partner.^Securely attached individuals report low levels of both attachment avoidance and attachment anxiety. As we describe next, attachment orientations are consistently related to relationship outcomes, including neuroendocrine processes.
Attachment Bonds Moderate Estradiol-Relationship Associations
Variations in the strength and type of romantic attachment bonds may help to explain why higher levels of estradiol are sometimes associated with greater mating effort and other times with greater bonding effort. For example, in one study, men and women with less avoidant (i.e., more secure) trait attachment orientations had higher levels of endogenous estradiol, particularly if they also had high levels of implicit intimacy motivation (i.e., desire for closeness; Edelstein et al. 2010) . Secure attachment bonds, measured as a trait construct, are associated with behaviors that facilitate intimacy, such as physical touch and self-disclosure (Brennan et al. 1998; Chopik et al. 2014; Laurenceau et al. 1998 ). Perhaps such bonds also refocus the effects of estradiol away from dominant or competitive behaviors and toward nurturant intimacy behaviors (Eastwick 2009 ).
Secure attachment bonds may also moderate estradiol responses to emotionally intimate situations. Edelstein et al. (2012) examined estradiol responses as a function of viewing an emotionally intimate video clip depicting a parent-child interaction. Women who were more avoidantly attached showed smaller increases in estradiol in response to watching this interaction. Women's avoidance was not related to their estradiol responses to watching emotionally positive (but not intimate) or neutral clips, suggesting that these effects were specific to emotionally intimate stimuli. Moreover, men's avoidance was unrelated to their estradiol responses across conditions, suggesting that the associations observed in this study may be specific to women. More generally, this study provides additional evidence for the hypothesis that secure attachment bonds might moderate the association between intimacy motivation and estradiol concentrations.
Data collected from women across the span of their ovulatory cycles provide especially compelling evidence that attachment bonds moderate the effects of estradiol in interpersonal relationships. Estradiol increases exponentially as women approach ovulation and are most likely to conceive (M. H. Johnson and Everitt 2000) , suggesting that ovulatory shifts in women's behavior may reflect changes in endogenous estradiol levels. Eastwick and Finkel (2012) found that, among women who had stronger attachment bonds to their current romantic partners (measured by the Attachment Features and Functions scale; Tancredy and Fraley 2006 ), probability of conception (indexed by a self-report of the day the menstrual cycle was expected to begin) was positively associated with reports of physical intimacy. For women with weaker attachment bonds, the association between probability of conception and physical intimacy was negative, but non-significant. In a second study, Eastwick and Finkel (2012) found that for women who had weaker attachment bonds to their romantic partners, probability of conception was negatively related to sexual intimacy motives (e.g., BI would like to engage in romantic physical contact (e.g., kissing or other sexual activities) with [my partner] to become closer with him/her.^) Among women who had stronger attachment bonds to their partners, the association between probability of conception and sexual intimacy motives was positive, but non-significant. Taken together, these studies indicate that women report more physical intimacy when they are most likely to conceive, but only when they are more strongly attached to their romantic partners. When women have weaker attachment bonds to their partners, greater likelihood of conception may actually inhibit physically intimate behaviors. Although hormone levels were not directly measured in these studies, it is possible that ovulatory changes in estradiol (or other relevant hormones) are implicated in the behavioral changes that were observed. Future research on the connection between attachment bonds, intimate behaviors, and estradiol should make an effort to directly measure estradiol because: 1) self-reports of menstrual cycle timing can yield unreliable data (Jukic et al. 2008; Small et al. 2007; Wood et al. 2014) , and 2) the direct link between menstrual cycle phase and women's mate preferences has been challenged by many researchers (see Harris 2011 Harris , 2013 Harris et al. 2013; Wood et al. 2014) .
Summary
Estradiol levels and responses appear to be associated with the strength and type of attachment bonds between adult romantic partners. When attachment bonds are strong and estradiol concentrations are high, people may be more likely to engage in behaviors directed toward establishing intimate bonds. When attachment bonds are weak and estradiol concentrations are high, people may be less likely to engage in behaviors directed toward establishing intimacy. In a long-term sense, attachment orientation may affect how people perceive their current relationships as well as how they perceive potential alternative partners, which may have downstream consequences for the expression of estradiol in the context of close relationships. Partners who are not securely attached may generally be less attuned to opportunities for intimacy. For these individuals, increases in estradiol may be channeled more toward mating effort (e.g., dominance behaviors, sexual competition) versus bonding effort (e.g., nurturance behaviors, intimacy motivation). More work is needed, however, to fully understand how the psychological adaptation of romantic attachment may dampen or refocus the effects of estradiol on evolutionarily older systems such as dominance and sexual motivation.
Conclusions and Future Directions
Our review and synthesis of the literature suggests that more recent evolutionary processes, such as romantic commitment and adult romantic pair-bonds, may influence hormonal mechanisms associated with older evolutionary processes (e.g., aggressive and dominant behaviors). In particular, we focused on the steroid hormones testosterone and estradiol because each of these hormones is implicated in short-and long-term mating behaviors and goals. We argue that psychological commitment and attachment to romantic partners may have evolved to play a role in transforming short-term mating relationships into long-term romantic pair-bonds via their modulation of these reproductive hormones. It is critical that future work in this domain take a more nuanced approach to studying the relationship between multiple relevant hormones and mating/ relationship behaviors. This approach is most possible via the adoption of appropriately rigorous research practices from both endocrine and relationship science (Loving and Campbell 2011) .
It will also be important moving forward to include both men and women when studying links between endocrine function and adult human relationships, especially when considering hormones such as testosterone and estradiol. Estradiol is often thought of as a Bfeminine^hormone and testosterone as a Bmasculine^hormone. Thus, men are often excluded from estradiol -related research and women from testosterone-related research. Only more recently have women been included in studies examining testosterone and human relationships (e.g., Edelstein et al. 2011 Edelstein et al. , 2014 van Anders and Goldey 2010; van Anders et al. 2007 ; van Anders and Watson 2006) and men in studies examining estradiol and human relationships (Edelstein et al. 2012 (Edelstein et al. , 2010 Goldey et al. 2013; van Anders and Dunn 2009) . As a result of the limited research examining both genders/sexes in the context of hormones and human relationships, it is often difficult if not impossible to parse apart which effects are specific to one or both genders/sexes.
Further, research that merges endocrine and relationship sciences, such as examining the association between individuals' testosterone and relationship quality, should begin to consider research designs that provide insight into the direction of causality. For instance, previous research demonstrates associations between men and women's testosterone levels and their degree of commitment and satisfaction to a romantic relationship ). What close relationship researchers do not yet know is whether changes in testosterone predict changes in commitment and satisfaction, or the extent to which such links are bidirectional. Fortunately, relationship scientists regularly employ complex, longitudinal designs that follow individuals and/ or couples across many of the relationship transitions noted in this review (see Loving and Campbell 2011) . The additional costs notwithstanding, such studies could incorporate repeated assessments of target hormones to provide information about the (bi)directional association between relationship phenomenon (e.g., attachment, commitment) and hormonal processes across different relationship stages (e.g., transitioning between short-and long-term partnerships).
As previously noted in Loving et al. (2006) as well as in Smith et al. (2009) more attention should be paid by relationship scientists towards the identification of psychological Bmechanisms^that underlie close relationships and hormonal processes. As we already mentioned, previous research demonstrates a link between an individual's hormones and their level of (and/or their partner's level of) commitment to a romantic relationship ). In the current review, we move one step further and suggest that specific psychological aspects of human psychology (e.g., commitment) may modulate testosterone in humans. We, along with others (e.g., van Anders and Goldey 2010) , point out that specific psychological aspects might be more strongly associated with hormones than broader psychological categories. For example, perhaps sexual exclusivity or engaging in sex with only one partner, rather than relationship status per se, is most important for modulating testosterone in humans across various cultures. Digging deeper into the specific aspects of relationship constructs that are associated with hormones will move relationship scientists closer to identifying the potential Bmechanisms^that may be responsible for the close relationship-hormone link.
Finally, the vast majority of research that we reviewed here-although focused on inherently dyadic processes and relationships (e.g., couples, parent-child pairs)-involves data collected from individuals rather than dyads. Although individual-level data are certainly informative, dyadic data can help us better understand how relationships unfold in the real world. Relationship scientists have made important methodological advances in the realm of dyadic research-understanding how to collect, analyze, and interpret results that center around the idea that one person's psychological outcomes influence those of another (e.g., Edelstein et al. 2014) . Neuroendocrine researchers could similarly consider both couple members of the dyad and how their hormone levels may be non-independent. Actor-partner interactions and latent variable approaches to dyadic models should be tested when considering research with dyads (Kenny et al. 2006) ; these analytic approaches can easily accommodate neuroendocrine assessments, including those that occur repeatedly over time (e.g., Edelstein et al., in press ). For example, using these dyadic techniques, researchers are able to begin to examine how partners affect each other's health, such as how partners' hormonal processes are intertwined (Reed et al. 2013) . It is only through such a concerted effort that many of the ideas we advance in this review can be fully and adequately tested empirically.
In sum, we examined the ways in which physiology and psychology interact to promote short-versus long-term mating. First we explored the hormonal processes related to short-term mating that are common across species: attracting mates, competing for mates, and gaining sexual access to mates. We suggested that hormonal processes that function to facilitate or promote short-term mating behaviors are Bevolutionarily old^and have evolved deep in our evolutionary past. We then moved on to an exploration of long-term, pair-bonded relationships, and discussed more recent evolutionary adaptations that are relational or psychological in nature, and which are possibly unique to humans. In particular, we focused on the steroid hormones testosterone and estradiol because each of these hormones is implicated in short-and longterm mating behaviors and goals. Ultimately, we argue that new psychological adaptations such as romantic commitment and attachment might interact with testosterone and estradiol to facilitate the transformation of short-term mating relationships into long-term pair-bonds.
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